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We consider some mathematical problems, arising from the study of the continuous
media.
It is characteristic that these evolutionary problems are described by the equations,
which do not belong to the systems of the Cauchy-Kovalevskaja class.
I. It is well known that rotating currents of the liquid and the gas are widely applied
to the technology (see, for instance, [1]-[8]). In the paper [1] it was showed that one could
get an axialy summetric velocity field with an linear dependence of the axial component
of the velocity from the axial coordinate by the change of the sizes of the of the rotational
camera. However, I would like to note that nobody observed this phenomenon in the
large series of experiments. And its arising become possible for the special sizes of the
rotational camera. If we use cylindrical coordinates (r, ϕ, z) and suppose that the radial
u and the tangential v components of the velocity vector depend only on r and t, and the
axial component is as follows
w = w1(r, t) + zw2(r, t)
we can reduce the boundary value problem for the Navier-Stokes equation to the following
problem
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u · r = −F, v · r = Θ, x = r2, P = p1(t)z2 + p2(t) + p(t, r) (8)
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Thus, if we set the initial velocity vector such that its divergence is equal to zero (w2(0, x) =
∂F0
∂x
), the all three components of the velocity on the lateral partitions for x = α, and the
pressure gradient on the entrance (p2 =
∂P
∂z
|z=0), are only depended from r and t, respec-
tivily, we can get the problem (1)-(8). In the paper of O. Provorova, V. Kislyh and the
author of the talk the stationary solutions of this problem were studied. V. Belonosov and
me established some existence and uniqueness theorems for the nonstationary problem
for the small time. N. Keilman made the careful analysis of stationary solutions. The
first Lyapunov method was justified for distinct functional spaces by V. Belonosov and
the author of the talk. These results were used by V. Kislyh and myself for the definition
of the effective viscosity coefficients by the experience. These investigations were useful
for the preparation of the rotational camera, which are used in the bibliography. It seems
to be perspective to use such apparatus in the weishtlessness.
II. Below we discuss some equations, incountered in small water theory (Bussineski
linear equation [9]), on the theory of electromagnatic waves in the long lines [10], in the
plasma theory [11], in the dynamics of the stratified fluid.
I would not like to discuss the physical sence of the coefficients of these equations,
which are as follows
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My interest to such problems is connected with the fact, that the equations of such type
are simple, and at the same time, very important model of the class of the equations,
which cannot be solved with respect to t.
The qualitative analysis of the corresponding problems leads to the necessary investi-
gation of operators, which have some continuous spectrum. Let us consider the following
problems:
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It is especially simple to represent a solution of the problem (10), (12), (13). I suppose
that p(x) is a smooth enough and a strictly monotone function. Then, if p(x) = q2(x) > 0
we have
ux(x, t) = A(x) sin qt+B(x) cos qt (14)
and the functions A and B can be expressed by the initial data. The higher derivatives
are unbounded. This follows from these fact, that nobody can describe the process for
the large time by the linearization. In the case of the problem (10), (11), (13) we can
get a suitable representation of the solution, if we use Sobolev’s method of the expansion
in generalized eigenfunctions. This question was studied in [13]-[15] and the following
formulae was obtained
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V. Fal’chenko got the following formulae
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and the asymptotical expansion for the function u(t, x). It follows from the obtained
results, that the considerable problem is not admissible for discribing the process for the
large time.
III. Consider the problem
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We consider the problem in the smooth damain Ω, with the strictly convex boundary Γ.
It is easy to establish the solvability and the Hadamard correctness for such problems.
There exists a connection between the solutions of the problems (19), (20), (21) and (19),
(20), (22) which can be established with the help of analogue of the Cauchy-Riemann
system:
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Because of this it is sufficient to discuss only the behaviour of solutions of the problem
(19), (20), (21). This problem was been studying in [19]-[29]. On the basis of the facts
from [19]-[29] S. L. Sobolev made the conclusion that the solutions of this problem were
not suitable for describing any motion of the continuous media for the large time. The
analogous situation is relative to the three-dimensional case.
The solutions of the problems considered above are as follows
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The derivatives of these solutions bahave just in a same way as the derivatives of solutions
of the problem (10)-(12).
The solutions of the problem are the normal pressure, entering to the equation of the
small vibration of the rotation fluid. If we use the results of the papers, cited above,
we can establish that the mathematical description of the motion of the rotating fluid
is impossible for the three-dimensional case. In connection with these, I would like to
note, that it is incorrect to use the terms like ”tornado”, ”turbulence”, ”curl” for the
physical interpretation of solutions of the discussed linear problems, appearing in some
recent publications, devoted to the Sobolev problem.
There arise many problems relating to such mathematical directions such as function
theory, group theory, the theory of singular integral equations, numbers theory and so on.
It seems to me that the operator, arising here, is the typical representative of operators
with the infinite-to-one spectrum.
Precisely this fact can explain Sobolev interest to the problem, discussed above.
References
[1] Smit, G. L. (1962). Experemental’noe izuchenie vihria v ciklonnom apparate. Tech-
nical Mechanics, 4 (in Russian).
[2] Nachapetyan, E. A. (1958). Issledovanie izotermicheskogo ciklonnogo potoka na
modeli potochnoi kamery. Voprosy Aerodinamiki i Teploperedachi v Kotel’no-
potochnyh processah. Gosenergoizdat, Moscow-Leningrad (in Russian).
[3] Ackeret, J. (1952). U¨ber exact Lo¨sungen des Stokes-Navier Cleichungen. Z. angew.
Math. and Phys., 3.
[4] Sullivan, R. D. (1959). A two-cell vortex solution of the Navier-Stokes equations. J.
Aerospace Sci. vol. 26, 11, 767-768.
[5] Long, R. R. (1961). A vortex in an infinite viscous fluid. J. Fluid Mech, vol. 11, part
4, 611.
[6] Lowellen, W. S. (1962). A solution for three-dimensional vortex flows with strong
circulations. J. Fluid Mech, vol. 14, part 3, 420-432.
[7] Shemyakina, T. K. (1976). Predstavlenie reshenii odnogo klassa differencial’nyh
yravnenii tretiego poryadka. Differential Equations, vol. 12, 9 (in Russian).
[8] Zelenyak, T. I., Kislych, V. I., and Provorova, O. G. (1980). Ob odnoi modeli
dinamiki gaza v priosevoi zone vihrevyh apparatov. Dinam. Splosh. Sredy., vol. 46,
33-41 (in Russian).
[9] Stefen, A. (1977). Tau lineinye volny v sredah s dispersiei. Nonlinear Waves, Moscow
(in Russian).
[10] Frank, F. and Mizes, G. (1937). Differencialnye i integralnye uravneniya matem-
aticheskoi fiziki. Moscow-Leningrad (in Russian).
[11] Rabinovich, M. I. and Trubetskov, D. I. (1984). Vvedenie v teoriu kolebanii i voln.
Moscow (in Russian).
[12] Vibracii v Tehnike. (1978). Handbook in 6 volumes., vol. 1, Moscow (in Russian).
[13] Zelenyak, T. I. (1970). Izbrannye voprosy kachestvennoi teorii uravnenii s chastnymi
proizvodnymi. Nov. Gos. Univ. Novosibirsk (in Russian).
[14] Kim, Yu. Ya. (1971). Ob asimptotike reshenii odnoi smeshannoi zadachi. Differential
Equations., vol. 7, 1 (in Russian).
[15] Ralchenko, V. F. (1979). Kachestvennye svoistva reshenii odnoi smeshannoi zadachi.
Differential Equations., vol. 15, 8 (in Russian).
[16] Reley. (1955). Teoriya zvuka., vol. 1, Moscow (in Russian).
[17] Lyav, A. (1935). Matematicheskaya teoriya uprugosti. Moscow (in Russian).
[18] Radochova, V. (1972). Arch. mat., vol. 8, 3, 125-129.
[19] Sobolev, S. L. (1954). Ob odnoi novoi zadache matematicheskoi fiziki. Izv. Acad.
Nauk. SSSR. Ser. Math., vol 18, 1 (in Russian).
[20] Zelenyak, T. I. and Michailov, V. P. (1970). Asimptoticheskoe povedenie nekotoryh
zadach matematicheskoi fiziki pri t → ∞. Trudy Simp. Posv. 60 years of Acad.
Sobolev S. I. Moscow (in Russian).
[21] Sobolev, S. L. (1960). O dvijenii volchka s polost’iy, napolnennoi jidkost’iy. Applied
Math. and Theory of Phys., vol. 3, 20-55 (in Russian).
[22] Aleksandryan, R. A. (1960). Spektralnye svoistva operatorov, porojdennyh sis-
temami differencial’nyh uravnenii tipa Soboleva. Trudy Mosk. Mat. Obshch., vol
9, 456-505 (in Russian).
[23] Aleksandryan, R. A. (1950). Ob odnoi zadache Soboleva dlya special’nyh uravnenii s
chastnymi proizvodnymi 4-go poryadka. Docl. Akad. Nauk SSSR, vol. 73, 3, 631-634
(in Russian).
[24] Sobolev, S. L. (1965). Sur une classe des problemes de physique mathematique. 48
Rennione della Societa Italiana per il progresso della Scienze. Roma, 192-208.
[25] Zelenyak, T. I. (1962). Ob invariantnyh podprostranstvah odnogo operatora. Siber.
Math. Journ., vol. 3, 3, 471-475 (in Russian).
[26] Zelenyak, T. I. (1966). Ob asimptotike reshenii odnoi smeshannoi zadachi. Differ-
ential Equations, vol. 2, 1, 47-64 (in Russian).
[27] Zelenyak, T. I. (1968). Ob obobshennyh sobstvennyh funkciyah operatora,
svyazannogo s odnoi zadachei C. L. Soboleva. Siber. Math. Journ., vol. 9, 5, 1075-
1092 (in Russian).
[28] Skazka, V. V. (1981). Asimptoticheskie ocenki pri t→∞ smeshannyh zadach dlya
odnogo uravneniya matematicheskoi fiziki. Siber. Math. Journ., vol. 22, 1, 122-143
(in Russian).
[29] Kapitonov, B. V. (1979). Teoriya potenciala dlya uravnenii malyh kolebanii
vrashaiysheisya jidkosti. Mat. Zborn. vol. 109(151), 4(8), 607-628 (in Russian).
Sobolev Institute for Mathematics,
Siberian Division of the Russian Academy of Sciences.
